The prevalence of young adults endorsing depressive symptomatology is thought to peak during late adolescence. While there has been a wealth of research assessing the relationship between decline of the prefrontal cortex and how this process impacts depression and therapy in older adults, very little is known about the relationship on the younger end of the continuum. The current study sought to explore whether there is also a significant relationship between executive functioning and depression in younger adults. In addition, different types of executive dysfunction were assessed to 
Introduction
The relationship between executive functioning (EF) and depression, both in terms of the etiology of the disorder and the efficacy of treatment, has been a topic of growing interest to researchers. There has been a wealth of studies over the past two decades stressing the importance of understanding the role of (EF) in treatment of older adults with depression. 1, 2, 3, 4 EF is a complex construct, but generally thought to encompass higher-order cognitive processes that are necessary for successful everyday activities. 5 The role of EF in older adults is of particular interest due to the relationship between EF and the frontal lobes, specifically the prefrontal cortex (PFC). For decades, researchers have noted changes in the PFC of older adults that suggest greater decline than other brain regions. 6,7,8,9,10. The motivation for studies assessing the relationship between EF and depression is clear, without optimal EF skills, therapies relying more heavily on EF skills may be less effective than those that do not. 1, 11, 12 Studies comparing types of therapies in this population find clear preferences in terms of alleviation of symptoms and in terms of outcome measures. 1, 13, 14 In addition, certain EF skills appear particularly useful in predicting the course of depression and response to interventions. Specifically, tasks indicating impaired initiation and perseveration have been associated with poorer response to antidepressant medication. 1, 14 These studies suggest that understanding the EF profile may provide clinicians with greater insight in to more efficacious interventions. In contrast to the wealth of literature exploring EF and depression in older adults, there is relatively little research in younger adults, who have similar characteristics that make their relationship between mood and EF relevant for therapeutic interventions. Similar to older adults who have a unique relationship between EF and depression due to the decline in the PFC, younger adults also have a unique relationship between their PFC and EF. Young adults are thought to have maturing PFC, suggesting that for some, there may be less than ideal performance on measures assessing the PFC. 15, 16, 17, 18 In addition, young adulthood is considered to be the greatest risk period for the initial emergence of a variety of psychiatric disorders. 19, 20 Understanding the relationship between EF and depression in young adults could potentially be even more useful than for older adults. For example, young adults may be navigating many firsts in their lives (e.g. college, full time jobs, making romantic relationships, decisions about their future) that require higher level cognitive functioning. And the limited research that does exist with younger adults suggests that EF dysfunction can in fact be a barrier to treatment.
21,22
Therefore, we sought to explore whether there is a significant relationship between EF and depression in younger adults, specifically non-clinical depressed college students. In addition, based on previous research in the older adult literature, we examined what types of executive dysfunction are most notably related to depression in this population to better understand what the possible implications may be in terms of providing efficacious therapy to younger adults with depressive symptomatology.
Methods

Participants
A survey screening for depression and Dysexecutive Syndrome was administered to undergraduate, introductory level psychology students (N = 1,539; N=1079 females) at a large university. The mean age of the participants was 19.5 years, standard deviation 2.3 years.
The participants identified as roughly 81% Caucasian, 9% were of Hispanic decent, 4% Asian/ Pacific, 3% Alaskan, 2% Black, and 1% were of Native American decent. Depressive symptomatology was analyzed using the Center for Epidemiologic Studies Depression scale (CES-D).
23 DYSEXECUTIVE syndrome was analyzed using the Dysexecutive Questionnaire (DEX) 23 and all items were self-reported. Both questionnaires were a part of a larger screening survey that also included questions regarding basic demographic information, substance use, and general medical history. Participation was voluntary and anonymous and participants were treated in accordance with the "Ethical Principles of Psychologists and Code of Conduct" 24 . Participants received extra credit for participation. All participants provided consent that was approved by the institutional review board.
CES-Depression Scale
The CES-D is a 20 item questionnaire that may be used as a screening tool for depressive symptoms. The range of scores is 1 to 53 with a mean of 13.35 (SD = 8.68). The internal consistency reliability score is .91. 22 All questions were coded in occurrence with the standard scoring guide. 22 Responses were recorded on a 4-point Likert scale where 0 referred to "rarely or none of the time," 1 referred to "some of/a little of the time," 2 referred to "occasionally or a moderate amount of time," and 3 referred to "all of the time." Only questions 4,8,12, and 16 were reverse coded.
DEX Questionnaire
The DEX Questionnaire can be used as a screening tool to examine behavioral deficits associated with Dysexecutive Syndrome. There are 20 items on the DEX and responses are measured on a 5-point Likert scale, where higher scores correlate with more behavioral and cognitive problems. Responses were coded from 0 to 4 where 0 referred to "never" and a score of 4 referred to "very often." The highest possible score on the DEX is 80 and the lowest possible score is 0.
There have been various studies that have divided the DEX into various numbers of components. Simblett and Bateman 25 built off the Rasch analysis and organized the DEX into 3 components. For purposes of the present study, the DEX was divided into those 3 factors to potentially identify areas of dysfunction of higher-order processes: Executive cognition (EC), emotional/behavioral control (EMO), and metacognition (MC). Factor 1 (EC) executive cognition (total possible score = 16) evaluated abstract thinking, planning, temporal sequencing, and distractibility (items 1, 4, 6, and 18, respectively). Factor 2 (EMO) emotional/ behavioral control (total possible score = 36) evaluated confabulation, lack of insight, apathy, disinhibition, variable motivation, lack of concern, perseveration, restlessness, and knowing-doing dissociation (items: 3, 7, 8, 9, 10, 13, 14, 15, and 17, respectively). Factor 3 (MC) metacognition (total possible score = 20) evaluated impulsivity, euphoria, aggression, inability to inhibit response, and no concern for social rules (items: 2, 5, 12, 16, and 20, respectively). Figure 1 .
Results
The overall mean score on the CES-D was 13.3 (SD =8.68) and on the DEX was 18.00 (SD = 9.42) (see Table 1 ). The minimum score for all full surveys and survey factors was 0. The maximum score for CES-D was 35 and DEX Full was 41. The max scores for each of the factors (1-3) were 14, 22, and 15, respectively. Initial correlations using Pearson's R were conducted to demonstrate if any relationship existed between CES-D scores and the full DEX survey (R = .478, p < .001).
Correlations were also examined between CES-D scores and scores on each individual factor (see Table 1 ). In an attempt to minimize the inflation of Type 1 error, the alpha level was set to p < .01. All correlations were significant at the .001 level. A multiple linear regression was run to demonstrate the predictive value of each individual DEX factor as a function of CES-D scores (F(3, 1535) = 125.10, p < .001) (see Table 2 Table 3 ).
Discussion
In the current study, we sought to explore the relationship between depressive symptomatology and dysexecutive symptoms in college-aged young adults. The primary goal of the study was to establish (1) whether dysexecutive symptoms were related to depressive symptoms, which have been established in older adults, and (2) whether there were certain EF skills that appeared to be compromised to a greater degree than others. The present study assessed young adults who did not meet criteria for a diagnosis of clinical depression, but simply endorsed depressive symptomatology on a well-established measure of depression. Thus, findings suggested existence of a relationship based on a population of young adults who would be viewed as high-functioning by societal standards, but self-reported enough symptoms, such that these individuals may be at-risk of further development of depression.
Results suggested that there was a clear relationship between depressive symptoms and executive dysfunction. Specifically, the greater degree of depression endorsed was associated with higher levels of dysexecutive symptoms.
One meaningful finding was that all facets of the dysexecutive syndrome questionnaire appeared to be affected by depressive symptoms in this population. In past studies assessing depression in young adults, there were generally limited Additionally, studies assessing non-neurological based populations described as having potentially reduced executive dysfunction, have found that questionnaires like the DEX were able to detect more subtle executive problems in everyday life more accurately than traditional neuropsychological batteries. 29, 30, 31 Given that our population included a heterogeneous population in terms of depressive symptoms, the DEX was selected as it may be more sensitive to detecting slight executive dysfunction in individuals endorsing more subtle depressive symptoms.
The findings suggested that, similar to older adults, executive dysfunction may play a large role in everyday difficulties that young adults with depression may experience. While past research using the DEX and CES-D in older adults 31 has suggested a relationship between these two measures, the current study suggested that the DEX and CES-D may also be used to measure this relationship in younger adults. In addition, previous studies with different young adult clinical populations (e.g. mild TBI) which have utilized the DEX suggested only limited factors of executive dysfunction; however, the current study reinforced findings of widespread trends in dysexecutive dysfunction in young adults with depressive symptomatology. 32 These results also suggested that, similar to older adults, consideration has to be given to the types of therapies that may be best suited for young adults with depressive symptomatology. As Paelecke-Habermann and colleagues 33 argue, while antidepressant therapy and other traditional therapies, such as CBT, may be effective methods of targeting depression, additional deficits in EF should also be addressed. The specific method for addressing EF deficits can be integrated into the talk therapy itself, as is the case with problem solving therapy (PST) or via the use of additional executive function training as a complementary treatment for depression.
33
In the case of PST, the therapy tends to focus on the development of problemsolving skills and approaches applicable to every-day crises where as other types of talk therapy tend to focus on symptoms and symptom alleviation. 34 In addition,
PST has been shown to be effective in young adults with major depression 35 as well as in individuals diagnosed with what are often viewed as core dysexecutive syndromes, such as schizophrenia. 36 In addition, PST appears to be effective over a wide range of depressive symptoms and across various types of executive dysfunction. 33 Lastly, PST has been shown to be effective across a variety of types of administration, including internet based therapy.
Internet based therapy has been shown to be more cost-efficient, easier to access, and less stigmatizing than traditional inperson treatments. 37, 38 Kleiboer and colleagues 39 found that brief internet-delivered PST effectively treated both depression and anxiety symptoms (compared to a wait list control). Those in the internet-based PST experienced a statistically significant reduction in anxiety and depressive symptoms following only five sessions of self-help internet based modules with relatively little time from a therapist or support coach. It should be noted that while the current study sought to provide an initial exploration of the role of executive dysfunction in depression in young adults, there are still limitations that need to be addressed for future research. The current study utilized a crosssectional approach to examine the association between depression and executive dysfunction. Given the cross sectional design, however, it is not possible to determine the direction of the relationship (e.g. does executive dysfunction lead to depression or does depression lead to executive dysfunction). In addition, the current study utilized self-ratings to establish the presence of depressive symptoms and to measure facets of executive functioning, rather than structured clinical interviews and more traditional neuropsychological measures of executive functioning. While the measures were chosen due to their utility and ease of assessment, we cannot rule out that there may be other factors that are associated with the described relationship that led to a significant finding such as response bias or the negative interpretation bias that has been described in previous studies. 40 . Future research assessing the relationship between traditional methods of assessment and the self-report measures used in the current study would be helpful to determine whether these two types of assessment can be used interchangeably.
It should also be noted that there is limited research assessing the utility of the DEX in non-clinical or sub-clinical populations. The current study utilized the Biological psychiatry, 50(1), 35- Journal of American College Health.
